An improved method for increasing cell yield from animal tissues is described. The current technique differs from the classical, primarily in that the tissues were perfused with trypsin in situ and cell dispersal was completed by trypsinization either at 4 or 37 C but without prior mincing of the tissue. Increased yields of 75 The commonly employed methods of preparing cell suspensions from animal organs yield a significant fraction of nonviable cells. This investigation was undertaken to discover the causes of cell destruction during normal processing and, where possible, to circumvent those operations which resulted in loss of viability.
An improved method for increasing cell yield from animal tissues is described. The current technique differs from the classical, primarily in that the tissues were perfused with trypsin in situ and cell dispersal was completed by trypsinization either at 4 or 37 C but without prior mincing of the tissue. Increased yields of 75 %/ were obtained. Mechanical damage to tissue by mincing was presumed to be the greatest single source of injury to cells. The adoption of the trypsin perfusion technique reduced the number of animals needed to prepare an equivalent quantity of tissue culture.
In 1954, Dulbecco and Vogt (3) used trypsin to disperse cells from small discrete fragments of monkey kidney tissue. Modifications were introduced by Youngner (5) and Rappaport (4) , including specially designed flasks and magnetic stirring. Bishop (1) introduced a new idea for agitation by succefsfully employing a pump. These modifications sped cell dispersal by improved agitation, but all were dependent on starting with finely minced or chopped tissue.
The commonly employed methods of preparing cell suspensions from animal organs yield a significant fraction of nonviable cells. This investigation was undertaken to discover the causes of cell destruction during normal processing and, where possible, to circumvent those operations which resulted in loss of viability.
MATERIALS AND METHODS Two successful perfusion techniques were developed. The necessary equipment and an outline for the first method include: (i) a bottle (Kelly Infusion Jar) with a side arm at the bottom fitted with 7 feet (2.13 m) of rubber tubing and an adapter for attaching a needle; (ii) 13 to 16 gauge needles, 2 to 3 inches (5.08 to 7.62 cm) long (these are bent near the midpoint); (iii) jars containing about 30 ml of trypsin (0.25%); and (iv) 500 to 1,000 ml of 0.25% trypsin (in Hanks' balanced salt solution), prewarmed to 39 C, per animal to be processed.
When the animal reaches a state of complete anesthesia (with an overdose of phenobarbital), incisions are made in the usual manner through the skin, and viscera are reflected to the right. With scissors (blunt on both tips), the abdominal aorta is exposed in the region of its bifurcation into the right and left common illiac arteries. The abdominal aorta and inferior vena cava are blocked with a hemostat. The anterior abdominal wall and ribs along the junction of the ribs and sternum are cut to the level of the left clavicle. After a lateral border incision, the left ribs, muscles, and skin are reflected over the left shoulder. An incision is made into the inferior vena cava in the region between the kidneys and the attached hemostat to allow drainage of blood and spent trypsin. A bent needle is inserted into the descending aorta (tubing from trypsin bottle connected), and the kidneys are allowed to flush by gravity flow (head about 1.52 m). If desired, a hemostat may be placed to block the superior mesenteric artery. The left kidney is removed after clamping the renal artery and vein, the viscera are reflected to the left, and the right kidney is removed.
Second perfusion method. The animal is prepared for surgery in the usual manner and an overdose of phenobarbital is administered. The thoracic cavity is then opened by sectioning the sternum at a point slightly anterior to the attachment of the diaphragm. With the thoracic cavity opened, the negative pressure within the cavity is broken and the lungs collapse away from the cage wall. The ribs are sectioned, beginning at the point of section of the sternum and continuing in a lateral dorsal direction on both sides of the thoracic wall up to the second or third rib, and are deflected anteriorly. The pericardial sac is opened to expose the heart.
A blunt, pointed cannula is inserted into the right ventricle and is connected with rubber tubing to the aspirator fitting of a dentist's cuspidor bowl. After about 1 min, trypsin is allowed to flow through a similar cannula inserted into the left ventricle. Figure  1 shows the arrangement of equipment for perfusion. A detailed presentation including the position of cannulae is depicted in Fig. 2 . A 600-to 2,000-ml amount of a 0.25% trypsin solution, warmed to approximately 39 C, is allowed to perfuse into the circulatory system at 60 to 75 ml/min. Palpitation of the abdomen will increase the efficiency of the perfu- sion. The perfusion rate in all instances is adjusted in accordance with the size of the animal. At the termination of the perfusion period, the kidneys or other tissues are removed by standard surgical methods.
Procedure for trypiniing of kidneys. Three methods of trypsinizing were employed. All yielded similar results, but the third method to be described was adapted for routine use at this laboratory.
Perfused kidneys were incubated at 37 C for approximately 90 min in specimen jars containing 0.25% trypsin. After incubation, the capsule was cut and its contents of kidney cells were emptied into a convenient volume of balanced salt solution containing 5% bovine serum. Mechanical stirring further dispersed the cells. Cells were then diluted to the desired concentration and dispensed into containers for growth.
In a second useful method, the capsule and medulla were removed shortly after completion of the perfusion process. Halves or quarters of kidney cortex were rinsed with cold 0.25% trypsin and placed into a Rappaport (4) flask or other container with provisions for gentle agitation. A 350-to 500-ml amount of 0.25% trypsin per pair of perfused kidneys resulted in complete dispersion of kidney cells in 10 to 16 hr at 5 C. When trypsinization was complete, the cell suspension was dispensed into centrifuge bottles and processed in the usual manner.
The method used currently is similar to the above except that kidney halves or quarters are rinsed and agitated in trypsin at 37 C. Complete dispersal is effected in 15 to 90 min with two to four changes of trypsin. Variables which influence the cell dispersal rate include the completeness of perfusion as well as the age and physical condition of the monkey (or other animal).
RESULTS
The soundness of these techniques has been verified in more than 1,000 trials. Five experiments selected at random and a like number of control trypsinizations (not perfused) with kidneys of approximately the same weights are presented in Table 1 . Each experimental unit was a pool of two pairs of kidneys. Cell dispersal in each instance was by agitation in warm trypsin (third method described). Comparisons were made with gentian violet to enumerate cell nuclei, and the yield per gram of monkey kidney input was calculated. The average yield for the standard method was 5.4 X 107 nuclei per g, whereas 9.8 X 107 nuclei per g were obtained with the experimental method.
Thus, the experimental technique gave a yield increase of approximately 75%. The range of increased yields observed was 10 to 150%.
Comparisons were also made in other laboratory species, notably dog, pig, and rabbit. Data from the rabbit were compiled by perfusing the left kidney only from each animal. Results shown in Table 2 Trypsin introduced via the capillary bed is free to act from within the organ, whereas under the usual circumstances it acts only externally on cells exposed successively. The technique also eliminated red blood cells and serum inhibitors. The sum of these procedures properly executed will obviate the need for mincing, thus reducing the time and improving the potential yield from selected tissues.
The techniques described have been used with equal success on other species (dog and baby pig).
Per cent increases of the same magnitude were noted with trypan (viable cell) as with gentian violet (nuclear) counts. Postdispersal handling of the cell suspensions was not changed from the standard method, e.g., they may be used to seed culture vessels or frozen with a cryoprotective (2) 
